JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. The optimal conditions for labelling infective larvae of Strongyloides ratti with 67gallium citrate were determined. Radiolabelled larvae were injected s.c. into normal and previously infected rats. The distribution of radioactivity in these animals was compared with that in rats infected subcutaneously with a similar dose of free 67Ga by using a gamma camera linked to a computer system. Whereas free 67Ga was distributed throughout the body and excreted via the hepatobiliary system, the bulk of radioactivity in rats injected with radiolabelled larvae remained at the injection sites. Direct microscopical examination of these sites, however, revealed only minimal numbers of worms. When rats were infected percutaneously with radiolabelled larvae, it was found that most radioactivity remained at the surface, despite penetration of worms. When infective larvae were exposed to CO2 in vitro and examined carefully by light microscopy, loss of an outer coat was observed. It was concluded that infective larvae lose an outer coat on skin penetration.
Infective larvae of nematodes which penetrate the skin may be either ensheathed, that is, enclosed within the shed skin of the second stage larvae, or unsheathed (Levine, 1980). Hookworms provide an example of worms in the former category; infective larvae may remain alive for a long time while waiting to infect a new host, with their sheath protecting them against adverse environmental conditions. Strongyloides infective larvae, on the other hand, are generally considered to have no sheath (Levine, 1980) . Investigation of the penetration of newborn mouse skin by infective larvae of Ancylostoma caninum and S. ratti by scanning electron microscopy, revealed empty Ancylostoma sheaths on the skin surface, but made no such observation in the case of S. ratti (Zaman et al., 1980) . Recently, however, Murrell and Graham (1983) have suggested that an important developmental change in cuticle physiology occurs during the transition of S. ratti infective larvae from a freeliving existence to a parasitic mode. They noted that antibody complexes were shed from the cuticular surface of free-living forms but not from the surface of parasitic infective larvae recovered from rats. They concluded that this phenomenon was due to an active process, but that the mechanism was unclear.
The epicuticle of S. ratti infective larvae has a trilaminar membrane-like appearance in elec- In this paper, we present evidence which indicates that radioactive markers are also lost during the process of skin penetration. We believe that this probably occurs as a result of shedding of the epicuticle.
MATERIALS AND METHODS

Parasite
A homogonic strain of S. ratti (originally obtained from Dr. P. A. G. Wilson, University of Edinburgh, United Kingdom) was maintained in Sprague-Dawley rats. The techniques for preparation of larvae and quantitation of parasites in tissues have been described elsewhere (Dawkins et al., 1980 (Dawkins et al., , 1982 
Radiolabelling of larvae
Infective larvae recovered from fecal cultures were incubated in buffer with 67gallium citrate in Petri dishes at room temperature for 20 hr. They were then washed with phosphate buffered saline (PBS) by centrifugation at 300 g four times and the absence of radioactivity in the supernatant fluid obtained from the final wash was confirmed.
Infection and imaging of rats
Rats were anesthetized by the subcutaneous injection of 5 mg of sodium pentobarbitone. In rats infected by subcutaneous (s.c.) injection, radiolabelled larvae were suspended in 0.2 ml PBS, divided into 2 equal portions, then injected into the dorsal region of each hind limb. In rats infected percutaneously (p.c.), the abdominal skin was shaved, washed and worms in 0.2 ml PBS were applied to the surface. Anesthetized animals were immobilized on the collimator face of the gamma camera with masking tape, then imaged for 10 min. Images were collected both on film and by direct computer acquisition for later manipulation.
Measurement of radioactivity in individual tissues
At autopsy, the following tissues were removed: injection site plus subjacent muscle, lungs, liver, spleen, kidney, stomach, small intestine, large intestine and pectoral muscles. They were placed in a gamma spectrometer and the radioactivity measured.
Assessment of worm viability
Worms were considered dead if they were non-motile and their general appearance was altered with larvae becoming straightened and their internal structures distorted.
RESULTS
Determination of optimal conditions for labelling worms
Effect of pH: Aliquots of worms (5,000) were incubated with 2.8 MBq (75 ,uCi) of 67gallium citrate in 0.5 ml volumes of various buffers with the following pH concentrations: pH 3 (acetate Table II . Maximal labelling of viable worms was achieved by incubation with 11.1 MBq of 67gallium citrate. Further studies revealed that worms incubated with the highest doses of 67gallium citrate were killed by the benzyl alcohol preservative.
In subsequent experiments, larvae were incubated routinely in buffer pH 8.5 at a ratio of 10 MBq 67gallium citrate per 5,000 worms.
Subcutaneous injection of 67Ga-labelled infective larvae
A rat was injected s.c. with 70,000 S. ratti infective larvae radiolabelled with 240 kBq 67Ga. A second rat which had received a primary infection with 5,000 unlabelled larvae 5 wk previously was also injected s.c. with 70,000 infective larvae labelled with 240 kBq 67Ga. A third rat was injected s.c. with 350 kBq free 67gallium citrate. The rats were imaged on a gamma camera linked to a computer 2, 24 and 48 hr later. In both of the rats injected with worms, the majority of radioactivity remained at the injection sites during the period of observation. Free 67Ga, however, was distributed throughout the body and was excreted via the hepatobiliary system. The images obtained at 24 hr are shown in Figure 1. Three days after injection, the animals were killed and tissues were examined for both radioactivity and the presence of worms. Radioactivity in the various organs is indicated in Figure  2 . In rats injected with Strongyloides larvae, 62% and 8 1% of the total radioactivity was found at the injection sites. In the rat injected with free 67gallium citrate, however, 57% of the radioactivity was located in the liver, and much of the remainder was in the gastrointestinal tract. In contrast to the distribution of radioactivity in rats with Strongyloides infections, worms were found mostly in the lungs and intestines. In the rat with a primary S. ratti infection, only 4.9% of worms were found at the injection sites, and the proportion of worms seen at these locations in the rats with a secondary infection was 5.6%; most of the few worms at the injection sites were dead. A limited autopsy was undertaken to relate worm burdens in the thoracic and abdominal viscera to observed radioactivity. The numbers of worms recovered from rats given primary and secondary infections ( 
Percutaneous infection with 67Ga-labelled infective larvae
An anesthetized rat was infected p.c. by the application to the skin of 80,000 S. ratti infective larvae radiolabelled with 1,300 kBq 67Ga. The presence of radioactivity on the skin 20 min later was confirmed using a gamma camera. Two hr after infection, the skin surface was washed thoroughly and the radioactivity in 5 sequential washes was counted. In the first wash, 1,000 kBq 67Ga were recovered, while 150 kBq were obtained in the next 4 washes. Thus, 88% of applied radioactivity was recovered from these washes. Very few worms were seen in these washings; all these larvae were dead. Three days later, the rat FIGURE 1. Gamma camera images obtained from rats 24 hr after s.c. injection in both hind limbs of either 70,000 radiolabelled larvae or free 67gallium. Each rat's ventral surface was placed on the collimator. The arrows indicate the location of each rat's snout. In rat (a) given a primary infection and rat (b) given a secondary infection, most of the radioactivity is seen in each hind limb injection site while in rat (c) given free 67gallium, the radioisotope is distributed throughout the body. died from an overwhelming Strongyloides infection, thus confirming that larvae had penetrated the skin.
The experiment was repeated on 2 more occasions and similar results were obtained.
"Ex-sheathment" of larvae in vitro
In order to determine whether any morphological evidence of loss of an outer covering of infective larvae could be seen, infective larvae were incubated in RPMI 1640 medium (GIBCO. Grand Island, NY, U.S.A.) in 10% CO2 at 37 C for 3 hr. Worms were observed under dark ground illumination. The loss of an outer coat was observed in a small proportion of larvae.
DISCUSSION
Since moulting of S. ratti infective larvae does not occur until worms reach the gut (Dawkins and Grove, 1981), it had seemed to us that if the cuticle of infective larvae could be labelled with a radioactive tracer, then this would provide a useful means for following the migrations of these worms through the tissues of rats. We have shown that infective larvae can indeed be labelled successfully with 67Ga. This radioisotope is particularly useful for the purpose we had envisaged as it produces multiple gamma rays per disintegration allowing small animals to be imaged on a gamma camera.
In the initial experiments, we injected radiolabelled infective larvae s.c. as this is the simplest method of infection and readily results in patent infections. When the distribution of radioactivity in defined regions of the rats' bodies at intervals after injection were analysed on the computer, we were surprised to find that most of the radioactivity remained at the injection site. This contrasted markedly with the fate of free 67Ga which was distributed throughout the body then excreted. This indicated that the 67Ga on the larvae did not elute off the surface of the worms and behave as free 67Ga. When the injection sites which contained the radioactivity were visualized directly at autopsy, however, very few worms could be found. This suggested that perhaps 67Ga was bound to a coat which had been shed by each larva, but was so indistinct that it could not be seen by light microscopy in the homogenised tissue.
In order to determine whether and when this event occurred when animals were infected by the natural route, rats were infected p.c. with radiolabelled larvae. It is known that S. ratti penetrates the skin within a few minutes of contact (Abadie, 1963; Zaman et al., 1980; Dawkins and Grove, 1981). When examined 2 hr after infection, most of the radioactivity was recovered from the skin surface, thus indicating that, like classically ensheathed larvae such as Ancylostoma species, the coat of Strongyloides larvae is lost at the initiation of skin penetration.
Finally, we have provided direct microscopical evidence that this may occur. Many infective larvae ex-sheath in vitro under the stimulus of gaseous carbon dioxide (Croll and Matthews, 1977). We exposed S. ratti infective larvae to such conditions and were able to demonstrate the loss of a barely visible coat. These were found more easily if phase contrast or dark ground illumination were used. A cap broke off the anterior end of the worm, then the larva wriggled out through the resultant hole, leaving the coat behind it. Thus, the manner of a Strongyloides
